WHAT IS CLAIMED IS 



1. A vertical-cavity, surface-emission-type 
laser diode comprising: 

a semiconductor substrate; and 

an optical cavity structure provided on or 
above said semiconductor substrate, 

said optical-cavity structure comprising an 
active region containing at least one active layer 
that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 
said optical cavity, 

said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically, said 
lower reflector reflecting an optical beam incident 
thereto by diffraction, 

said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
AlxGai-xAs (0<x^l) and a high-refractive-index layer 
of AlyGai- y As (0^y<x^l) , 

wherein a non-optical recombination 
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elimination layer is provided between said active 
layer and said lower reflector including an interface 
between said lower reflector and said active region. 



2. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 1, further comprising 
10 another non-optical recombination elimination layer 
provided between said active layer and said upper 
reflector including an interface between said active 
region and said upper reflector. 



3. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 1 , wherein said non- 
20 optical recombination elimination layer forms a part 
of said lower reflector. 



25 
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4. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 3, wherein said non-' 
optical recombination elimination layer forms a low- 
refractive index layer in said lower reflector. 



5. A vertical-cavity, surface-emission-type 
10 laser diode as claimed in claim 1, wherein said 

semiconductor substrate comprises GaAs and wherein 
said non-optical recombination elimination layer 
comprises a Ga x Ini- x P y Asi_ y (0<xSsl, 0<y^l) layer. 



6. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 5, wherein said 
20 Ga x Ini- x P y Asi-y (CKx^l, 0<y^l) layer has a lattice 

constant smaller than a lattice constant of said GaAs 
substrate and has a tensile strain therein. 
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7. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 5, wherein said 
Ga x Ini- x P y Asi- y (0<x^l, 0<y^l) layer has a lattice 
constant larger than a lattice constant of said GaAs 
substrate and has a compressive strain therein. 



8. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 5, further comprising 
a current confinement layer on or above said Ga x Ini- 
xPyAsi-y (0<x^l, 0<y^l) layer, said current 
confinement layer containing Al and As as primary 
constituent element and is formed by selective 
oxidation of a selective-oxidized layer. 



9. A vertical-cavity, surface-emission-type 
laser diode as claimed in claim 1, wherein said 
active layer comprises any of GalnNAs and GalnAs . 
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10. A vertical-cavity, surface-emission- 
type laser diode as claimed in claim 1, wherein said 
active layer accumulates a compressive strain of 2.0% 
or more. 



11. A vertical-cavity, surf ace-emission- 

10 type laser-diode array comprising, 

a plurality of vertical-cavity, surface- 
emission-type laser diodes, 

each of said vertical-cavity, surface- 
emission-type laser diodes comprising a GaAs 

15 semiconductor substrate and an optical cavity 

structure provided on or above said semiconductor 
substrate, said optical-cavity structure comprising 
an active region containing at least one active layer 
that produces a laser beam, and upper and lower 

20 reflectors sandwiching said active region to form 

said optical cavity, said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically and 
reflecting an optical beam incident thereto by 

25 diffraction, said semiconductor distributed Bragg 



reflector comprising a low-refractive-index layer of 
AlxGai-xAs (0<x^l) and a high-refractive-index layer 
of Al y Gai- y As (0^y<x^l) , a non-optical recombination 
elimination layer of Ga x Ini- x PyAsi- y (0<x^l, 0<y^l) 
being provided between said active layer and said 
lower reflector. 



12. An optical transmission module having a 
vertical-cavity, surface-emission-type laser diode as 
an optical source, said vertical-cavity, surface- 
emission-type laser diode comprising: 

a semiconductor substrate; and 

an optical cavity structure on or above 
said semiconductor substrate, 

said optical-cavity structure comprising an 
active region containing at least one active layer 
that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 
said optical cavity, 

said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically, said 
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lower reflector reflecting an optical beam incident 
thereto by diffraction, 

said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
5 AlxGai-xAs (0<x^l) and a high-refractive-index layer 
of Al y Gai- y As (0^y<x^l) , 

wherein a non-optical recombination 
elimination layer is provided between said active 
layer and said lower reflector. 



.13. An optical transmission module having a 
15 vertical-cavity , surface-emission-type laser-diode 
array as an optical source, said vertical-cavity, 
surface-emission-type laser-diode array comprising: 
a plurality of vertical-cavity, surface- 
emission-type laser diodes, 
20 each of said vertical-cavity, surface- 

emission-type laser diodes comprising a GaAs 
semiconductor substrate and an optical cavity 
structure provided on or above said semiconductor 
substrate, said optical-cavity structure comprising 
25 an active region containing at least one active layer 
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that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 
said optical cavity, said lower reflector including a 
semiconductor distributed Bragg reflector having a 
5 refractive index that changes periodically and 
reflecting an optical beam incident thereto by 
diffraction, said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
AlxGai-xAs (CKx^l) and a high-refractive- index layer 
10 of Al y Gai-yAs (0^y<x^l) , a non-optical recombination 
elimination layer of Ga x Ini-xP y Asi- y (CKx^l, 0<y^l) 
being provided between said active layer and said 
lower reflector. 



14. An optical transceiver module having a 
vertical-cavity, surface-emission-type laser diode as 
20 an optical source, said vertical-cavity, surface- 
emission-type laser diode comprising: 

a semiconductor substrate; and 
an optical cavity structure on or above 
said semiconductor substrate, 
25 said optical-cavity structure comprising an 
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active region containing at least one active layer 
that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 
said optical cavity, 

said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically, said 
lower reflector reflecting an optical beam incident 
thereto by diffraction, 

said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
AlxGai-xAs (0<x^l) and a high-refractive-index layer 
of AlyGax-yAs (0^y<x^l) , 

wherein a non-optical recombination 
elimination layer is provided between said active 
layer and said lower reflector. 



15. An optical transceiver module having a 
vertical-cavity, surface-emission-type laser-diode 
array as an optical source, said vertical-cavity, 
surface-emission-type laser-diode array comprising: 

a plurality of vertical-cavity, surface- 
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emission-type laser diodes, 

each of said vertical-cavity, surface- 
emission-type laser diodes comprising a GaAs 
semiconductor substrate and an optical cavity 
5 structure provided on or above said semiconductor 
substrate, said optical-cavity structure comprising 
an active region containing at least one active layer 
that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 

10 said optical cavity, said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically and 
reflecting an optical beam incident thereto by 
diffraction, said semiconductor distributed Bragg 

15 reflector comprising a low-refractive-index layer of 
AlxGai-xAs (CKx^l) and a high-refractive-index layer 
of Al y Gai- y As (0^y<x^l) , a non-optical recombination 
elimination layer of Ga x Ini- x P y Asi- y (0<x^l, 0<y^l) 
being provided between said active layer and said 

20 lower reflector. 
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16. An optical telecommunication system 
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having a vertical-cavity, surface-emission-type laser 
diode as an optical source, said vertical-cavity, 
surface-emission-type laser diode comprising: 
a semiconductor substrate; and 
an optical cavity structure on or above 
said semiconductor substrate, 

said optical-cavity structure comprising an 
active region containing at least one active layer 
that produces a laser beam, and upper and lower 
reflectors sandwiching said active region to form 
said optical cavity, 

said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically, said 
lower reflector reflecting an optical beam incident 
thereto by diffraction, 

said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
AlxGai-xAs (CKx^l) and a high-refractive-index layer 
of AlyGai-yAs (0^y<x^l) , 

wherein a non-optical recombination 
elimination layer is provided between said active 
layer and said lower reflector. 
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17. An optical telecommunication system 
having a vertical-cavity, surface-emission-type 
laser-diode array as an optical source, said 
vertical-cavity, surface-emission-type laser-diode 

array comprising: 

a plurality of vertical-cavity, surface- 
emission- type laser diodes, 

each of said vertical-cavity, surface- 
emission-type laser diodes comprising a GaAs 
semiconductor substrate and an optical cavity 
structure provided on or above said semiconductor 
substrate, said optical-cavity structure comprising 
an active region containing at least one active layer 
that produces a laser beam, and upper and lower 
15 reflectors sandwiching said active region to form 

said optical cavity, said lower reflector including a 
semiconductor distributed Bragg reflector having a 
refractive index that changes periodically and 
reflecting an optical beam incident thereto by 
diffraction, said semiconductor distributed Bragg 
reflector comprising a low-refractive-index layer of 
AlxGai-xAs (CKx^l) and a high-refractive-index layer 
of Al y Gai- y As (0^y<x^l) , a non-optical recombination 
elimination layer of Ga x Ini-xP y Asi- y <0<x£l, CKy^l) 
25 being provided between said active layer and said 
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lower reflector . 



18. A method of fabricating a vertical- 
cavity, surface-emission-type laser diode, said 
vertical-cavity, surface-emission-type laser diode 
comprising: a semiconductor substrate; and an optical 
cavity structure provided on or above said 
semiconductor substrate, said optical-cavity 
structure comprising an active region containing at 
least one active layer that produces a laser beam, 
and upper and lower reflectors sandwiching said 
active region to form said optical cavity, said lower 
reflector including a semiconductor distributed Bragg 
reflector having a refractive index that changes 
periodically, said lower reflector reflecting an 
optical beam incident thereto by diffraction, said 
semiconductor distributed Bragg reflector comprising 
a low-refractive-index layer of Al x Gai- x As (0<x^l) 
and a high-refractive-index layer of Al y Gai- y As (0^ 
y<x^l) , a non-optical recombination elimination 
layer being provided between said active layer and 
said lower reflector, said method comprising the 
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steps of: 

forming said lower reflector by depositing 
one or more layers containing Al ; 

forming said non-optical recombination 

elimination layer, and 

forming said active layer containing 
nitrogen on said lower reflector, 

wherein there is provided a step of 
removing a residual material containing Al such as an 
Al source or Al reactant or Al compound or Al , from a 
site in which the residual material makes a contact 
with a nitrogen source material or an impurity 
contained in the nitrogen source material, after 
growth of said layer containing Al but before the end 
of growth of the non-optical recombination layer. 



19. A method as claimed in claim 18, 
wherein said step of removing said residual material 
is conducted by purging said site by a carrier gas. 
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20. A method as claimed in claim 18, 
wherein said layer containing Al is deposited by ai 
MOCVD process that uses a metal-organic Al source 
material, and wherein said active layer containing 
nitrogen is formed by an MOCVD process that uses a 
nitrogen source compound. 



